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CATALYTIC CONVERTER FOR THE
SELECTIVE CATALYTIC REDUCTION OF
NITROGEN OXIDES IN THE EXHAUST GAS
OF DIESEL ENGINES

The present invention relates to a catalyst for selective
catalytic reduction of nitrogen oxides in exhaust gases of
diesel engines with ammonia.

The exhaust gas of diesel engines comprises soot particles
(PM) and nitrogen oxides (NO,), as well as the carbon mon-
oxide (CO) and hydrocarbon (HC) pollutant gases resulting
from incomplete combustion of the fuel. In addition, the
exhaust gas of diesel engines contains up to 15% by volume
of'oxygen. It is known that the oxidizable CO and HC pollut-
ant gases can be converted to harmless carbon dioxide (CO,)
by passing them over a suitable oxidation catalyst, and par-
ticulates can be removed by passing the exhaust gas through
a suitable soot particle filter.

A known process for removal of nitrogen oxides from
exhaust gases in the presence of oxygen is the process for
selective catalytic reduction (SCR process) by means of
ammonia over a suitable catalyst, the SCR catalyst. In this
process, the nitrogen oxides to be removed from the exhaust
gas are reacted with ammonia to give nitrogen and water. The
ammonia used as the reducing agent can be produced as a
secondary emission in the exhaust gas system, or it is made
available by metered addition of a precursor compound from
which ammonia can be formed, for example urea, ammonium
carbamate or ammonium formate, to the exhaust gas line and
subsequent hydrolysis.

For performance of the latter variation of the SCR process,
a source for provision of the reducing agent, an injection
device for metered addition of the reducing agent to the
exhaust gas as required, and an SCR catalyst disposed in the
flow path of the exhaust gas are needed. The totality of reduc-
ing agent source, SCR catalyst and injection device arranged
on the inflow side with respect to the SCR catalyst is also
referred to as SCR system.

For cleaning of the diesel exhaust gases in motor vehicles,
the SCR system is usually used in combination with other
exhaust gas cleaning units such as oxidation catalysts and
diesel particulate filters. This gives rise to many different
options for exhaust gas system configuration. According to
the installation position of the SCR system, and more particu-
larly according to the arrangement of the SCR catalyst in the
flow path of the exhaust gas, different demands are made on
the performance and aging stability thereof. Consequently,
the prior art has described a multitude of SCR catalysts which
are suitable for reducing the nitrogen oxide content in the
exhaust gas of diesel engines and which have usually been
optimized in accordance with the specific demands of the
respective exhaust gas system configuration.

The use of zeolite-based SCR catalysts is known from
numerous publications. For example, U.S. Pat. No. 4,961,917
describes a method for reduction of nitrogen oxides with
ammonia using a catalyst which, as well as a zeolite with
defined properties, comprises iron and/or copper as a pro-
moter. Further SCR catalysts based on transition metal-ex-
changed zeolites and processes for selective catalytic reduc-
tion using such SCR catalysts are described, for example, in
EP 1495804 A1, U.S. Pat. No. 6,914,026 B2 or EP 1 147 801
BI.

While zeolite-based SCR catalysts are used especially in
discontinuously operating SCR systems in which the ammo-
nia used as the reducing agent is produced exclusively as a
secondary emission in the exhaust gas system, attempts are
made to avoid them in exhaust gas cleaning systems in which
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2

ammonia is supplied continuously via a precursor compound
because of the high production costs thereof.

For the latter systems, suitable SCR catalysts are those
which comprise vanadium oxide as well as titanium dioxide
or tungsten oxide or mixtures thereof. For example, EP 385
164 B1 describes such a catalyst which comprises, as well as
titanium dioxide, at least one oxide of tungsten, silicon,
boron, aluminum, phosphorus, zirconium, barium, yttrium,
lanthanum or cerium, and at least one oxide of vanadium,
niobium, molybdenum, iron or copper, and which is produced
in the form of a shaped body by compression or extrusion of
the components, optionally after addition of suitable assis-
tants. Further catalysts of this kind are known, for example,
from EP 1 153 648 Al and EP 246 859 Al.

A significant problem in the case of use of the vanadium-
containing SCR catalysts for cleaning of the exhaust gases of
motor vehicles is the possible emission of volatile, toxic
vanadium compounds at relatively high exhaust gas tempera-
tures. There have already been prolonged efforts to provide
inexpensive vanadium-free SCR catalysts. For instance,
some mixed oxide compositions based on cerium-zirconium
mixed oxide and the use thereof in the SCR reaction are
known in the prior art. In this regard, reference is made, for
example, to WO 2008/049491, WO 2008/051752, EP 2 116
293 Al and EP 2 072 120 Al.

Cerium-zirconium mixed oxides doped with rare earth ses-
quioxides (RE,O;) are described in U.S. Pat. No. 6,468,941
B1 but are not used therein for catalysis of the selective
catalytic reduction of nitrogen oxides, but as materials which
conduct oxygen ions or store oxygen in three-way catalytic
converters.

It is an object of the present invention to provide a catalyst
for selective catalytic reduction of nitrogen oxides in diesel
engine exhaust gases with ammonia, which is notable par-
ticularly for an improved conversion activity in the reduction
of NO, with ammonia in the temperature region of more than
350° C. with simultaneously excellent selectivity for nitro-
gen. In the region of below 350° C., especially in the low-
temperature region between 150° C. and 250° C., activity
losses compared to conventional catalysts should be observed
to an acceptable degree at worst, if at all.

It has now been found that, surprisingly, this object is
achieved by combination of particular molecular sieves with
particular mixed oxides in particular ratios.

The present invention thus relates to a catalyst comprising
a) a molecular sieve selected from the group consisting of

chabazite, SAPO-34 and ALPO 34, containing 1 to 10% by

weight of copper calculated as copper(I]) oxide and based
on the total weight of the molecular sieve; and

b) a mixed oxide consisting of

oxides of cerium, of zirconium, of niobium and of one or
more rare earth elements or of

oxides of cerium, of zirconium, of niobium, of tungsten and
of one or more rare earth elements;

characterized in that the weight ratio between molecular sieve

and mixed oxide is 3:1 to 10:1.

Preferred inventive catalysts comprise molecular sieves
having a mean pore size of less than 4 dngstrém (A).

Further preferred inventive catalysts comprise ALPO-34 as
the molecular sieve. ALPO-34 is a zeolite-like aluminophos-
phate with chabazite structure, which, just like chabazite and
SAPO-34, is known to those skilled in the art and is commer-
cially available.

Further preferred inventive catalysts comprise molecular
sieves having a copper content of 1 to 5% by weight, calcu-
lated as copper(Il) oxide and based on the total weight of the
molecular sieve.
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Preferred inventive catalysts comprise mixed oxides com-
posed of cerium oxide in an amount of 15 to 50% by weight,
calculated as CeO,, niobium oxide in an amount of 3 to 25%
by weight, calculated as Nb, O, rare earth oxide in an amount
of 3 to 10% by weight, calculated as RE,O;, and zirconium
oxide in an amount of 15 to 79% by weight, calculated as
Zr0,.

Particularly preferred inventive catalysts comprise mixed
oxides composed of cerium oxide in an amount of 25 to 45%
by weight, calculated as CeO,, niobium oxide in an amount of
3 to 20% by weight, calculated as Nb,Os, rare earth oxide in
an amount of 3 to 10% by weight, calculated as RE,O;, and
zirconium oxide in an amount of 25 to 69% by weight, cal-
culated as ZrO,.

Very particularly preferred inventive catalysts comprise
mixed oxides composed of cerium oxide in an amount of 35
to 40% by weight, calculated as CeO,, niobium oxide in an
amount of 10 to 15% by weight, calculated as Nb,Os, rare
earth oxide in an amount of 3 to 6% by weight, calculated as
RE,O;, and zirconium oxide in an amount of 39 to 52% by
weight, calculated as ZrO,.

If'the inventive catalysts comprise tungsten oxide-contain-
ing mixed oxides, the latter are preferably composed of
cerium oxide in an amount of 15 to 35% by weight, calculated
as CeO,, niobium oxide in an amount of 3 to 10% by weight,
calculated as Nb,Os, rare earth oxide in an amount of 3 to
10% by weight, calculated as RE,O;, tungsten oxide in an
amount of 4 to 25% by weight, calculated as WO,, and
zirconium oxide in an amount of 15 to 60% by weight, cal-
culated as ZrO,.

More preferably, tungsten oxide-containing mixed oxides
are composed of cerium oxide in an amount of 20 to 35% by
weight calculated as CeO,, niobium oxide in an amount of 4
to 9% by weight calculated as Nb,Os, rare earth oxide in an
amount of 3 to 8% by weight calculated as RE,O,;, tungsten
oxide in an amount of 10 to 20% by weight calculated as
WO;, and zirconium oxide in an amount of 40 to 55% by
weight calculated as ZrO,.

The stated amounts are each based on the total amount of
the mixed oxide, RE represents a rare earth element.

Further preferred inventive catalysts comprise mixed
oxides composed of 15 to 50% by weight of CeO,, 3 to 25%
by weight of Nb,Os, 3 to 10% by weight of RE,O; and 15 to
79% by weight of ZrO,.

Further particularly preferred inventive catalysts comprise
mixed oxides composed of 25 to 45% by weight of CeO,, 3 to
20% by weight of Nb,Os, 3 to 10% by weight of RE,O, and
25 10 69% by weight of ZrO,.

Further very particularly preferred inventive catalysts com-
prise mixed oxides composed of 35 to 40% by weight of
CeO,, 10 to 15% by weight of Nb,Os, 3 to 5% by weight of
RE,O; and 39 to 52% by weight of ZrO,.

In further preferred inventive catalysts comprising tung-
sten oxide-containing mixed oxides, the latter are composed
of 15 to 35% by weight of CeO,, 3 to 10% by weight of
Nb,Os, 3 to 10% by weight of RE,0;, 4 to 25% by weight of
WO, and 15 to 60% by weight of ZrO,.

In further particularly preferred inventive catalysts com-
prising tungsten oxide-containing mixed oxides, the latter are
composed 0f 20 to 35% by weight of CeO,, 4 to 9% by weight
of Nb,Os, 3 to 8% by weight of RE,O;, 10 to 20% by weight
of WO, and 40 to 55% by weight of ZrO,.

Here too, the stated amounts are each based on the total
amount of the mixed oxide. RE represents a rare earth ele-
ment.

Preferred rare ecarth elements RE are especially yttrium,
ytterbium, lanthanum, praseodymium, neodymium,
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samarium, terbium and erbium. Particular preference is given
to yttrium and neodymium, which are used especially in the
form of yttrium sesquioxide Y ,O; or neodymium sesquioxide
Nd,O;,.

The mixed oxides can be produced by very simple means.
For example, a suitable mixed oxide is obtained by impreg-
nating a commercially available cerium-zirconium mixed
oxide doped with rare earth oxide for stabilization with an
aqueous solution of a water-soluble niobium compound and
optionally of a water-soluble tungsten compound, and subse-
quent calcination of the (moist) powder thus obtained.

However, other processes known to those skilled in the art
for production of the mixed oxides according to the claims are
also usable.

The weight ratio between molecular sieve and mixed oxide
is especially 3:1 to 9:1.

In a particularly advantageous version of the present inven-
tion, the inventive catalyst composed of molecular sieve and
mixed oxide is in the form of at least one coating on a cata-
lytically inert support body.

Suitable catalytically inert support bodies are in principle
all known support bodies for heterogeneous catalysts. Pref-
erence is given to monolithic and monolith-like flow honey-
combs made from ceramic and metal, and to particulate filter
substrates as typically used for cleaning of diesel engine
exhaust gases. Very particular preference is given to ceramic
flow honeycombs and ceramic wall flow filter substrates
made from cordierite, aluminum titanate or silicon carbide.

Molecular sieve and mixed oxide may be present in one
layer, i.e. in a mixture, or in spatial separation in different
layers on the support body. According to the target applica-
tion, it may be particularly advantageous to use what are
called “zone catalysts™ in which the catalytically active coat-
ings take the form of a horizontal succession of layers (called
zones) on the support body in the flow direction of the exhaust
gas (FIG. 1). However, what are called “layer catalysts” may
also be preferable, in which the catalytically active coatings
are arranged as vertically superposed layers on the support
body over the entire length of the support body (FIG. 2).

FIGS. 1 and 2 show embodiments in which (A) is the
coating comprising the mixed oxide, while (B) is the coating
which has been applied in spatial separation therefrom and
comprises the molecular sieve.

Inthe embodiments according to FIG. 1a) and FIG. 2a), the
coating comprising the mixed oxide is the first to come into
contact with the incoming exhaust gas, whereas, in the
embodiments according to FIG. 15) or 2b), the coating com-
prising the molecular sieve is the first to come into contact
with the incoming exhaust gas.

Which specific configuration of the catalyst should be
selected to achieve the best possible exhaust gas cleaning
outcome depends on the operating conditions of the catalyst
in the target application, and can be determined after an
evaluation by the person skilled in the art by the known
standard methods.

The inventive catalysts feature high NO, conversion rates
within the temperature region of more than 350° C. with
simultaneously excellent selectivity for nitrogen. In the
region of below 350° C., especially in the low-temperature
region between 150 and 250° C., activity losses compared to
conventional catalysts are observed only to a minor extent.

The present invention therefore also provides a process for
selective catalytic reduction of nitrogen oxides in exhaust
gases of diesel engines, by

adding ammonia or a precursor compound from which

ammonia can be formed from a source independent of
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the engine to the exhaust gas which comprises nitrogen
oxides and is to be cleaned and

passing the mixture produced in step a.) over a catalyst,

characterized in that the catalyst comprises
a) a molecular sieve selected from the group consisting of

chabazite, SAPO-34 and ALPO-34, containing 1 to 10%

by weight of copper, based on the total weight of the

molecular sieve; and

b) a mixed oxide consisting of

oxides of cerium, of zirconium, of niobium and of one or
more rare earth elements or of

oxides of cerium, of zirconium, of niobium, of tungsten and
of one or more rare earth elements.

The invention is explained in more detail hereinafter by
means of figures and examples. The figures show:

FIG. 1: embodiments of inventive zone catalysts wherein
(A) represents the catalytically active coating comprising the
mixed oxide, while (B) represents a spatially separate cata-
lytically active coating comprising a molecular sieve; what is
shown in schematic form is a section from a monolithic flow
honeycomb whose flow channels are separated by gas-imper-
vious walls, on which the catalytically active coatings (A) and
(B) have been applied.

FIG. 2: embodiments of inventive layer catalysts wherein
(A) represents the catalytically active coating comprising the
mixed oxide, while (B) represents a spatially separate cata-
lytically active coating comprising a molecular sieve; what is
shown in schematic form is a section from a monolithic flow
honeycomb whose flow channels are separated by gas-imper-
vious walls, on which the catalytically active coatings (A) and
(B) have been applied.

FIG. 3: comparison of the nitrogen oxide conversions in the
SCR reaction between the inventive catalyst C1 and the com-
parative catalysts CC1 and CC2.

FIG. 4: comparison of the nitrogen oxide conversions in the
SCR reaction between the inventive catalyst C2 and the com-
parative catalysts CC1 and CC3.

To produce the catalysts described in the examples which
follow, molecular sieve and mixed oxide, in a mixture or
separately according to the embodiment, were suspended in
water, ground and applied in one or more layers or in zones to
a ceramic honeycomb having a capacity of 0.5 L and a cell
count of 62 cells per square centimeter with a wall thickness
0ot 0.17 mm. After calcining the honeycomb at 500° C. for a
period of two hours in air, cylindrical drill cores were taken
from the coated honeycomb for testing in a model gas system
with a diameter of 25.4 mm and a length of 76.2 mm.

To study the catalytic activity of the supported catalysts
produced, a dynamic activity test was undertaken in a labo-
ratory model gas system. In this test, the following test gas
composition was established:

Gas mixture

Constituent Gas mixture 1 Gas mixture 2 Gas mixture 3
O, [% by vol.]: 10 10 10
NO [ppmv]: 500 500 0
NH; [ppmv]: 0 750 0
CO [ppmv]: 350 350 350
C3Hg [ppmv]: 100 100 100
H,O [ppmv]: 5 5 5

N, [% by vol.]: remainder remainder remainder
Space velocity [h™}] 60000 60000 60000

The test was conducted at three different temperatures
which were matched to the most application-relevant target
temperature range for an SCR system connected downstream

5

10

15

20

25

30

35

40

45

50

55

60

65

6
of other exhaust gas cleaning units in an exhaust gas system,
namely at 175° C., 250° C. and 300° C. At each temperature,
a cycle of four different phases was run through, these being
referred to hereinafter as phases A to D:

Phase A: gas mixture 1; duration: 5 minutes

Phase B, NH3-SCR phase: gas mixture 2; duration: up to

an NH3 breakthrough of 20 ppmv or stoppage after time;

Phase C, gas mixture 3; emptying of the NH3 store by

means of temperature ramp to 500° C.;

Phase D, gas mixture 3; establishment of the next measure-

ment temperature.

Within one cycle, the catalyst temperature was first regu-
lated to the defined target temperature. Then the catalyst was
contacted with gas mixture 1 for 5 minutes (phase A). In phase
B, the gas mixture was switched to gas mixture 2 in order to
determine the NH;-SCR conversion. This phase was stopped
either on detection of an NH; breakthrough of 20 ppmv or
ended on the basis of a time criterion fixed beforehand. Then
gas mixture 3 was established and the catalyst was heated to
500° C. in order to empty the ammonia store (phases C).
Subsequently, the catalyst was cooled down to the next mea-
surement temperature to be examined (phases D); the next
cycle began with phase A through setting of gas mixture 1
after establishment of the target temperature. The dynamic
NO, conversion was determined upstream of and downstream
of catalyst for all three measurement temperatures from the
concentrations of the corresponding exhaust gas components
determined during phase B. For this purpose, a mean NO,
conversion over this phase was calculated, taking account of
the N, O formation, as follows:

post—cat post—cat
NOx.mean + 2 CNy0,mean

Umm”vNZO cor=|1= pre—cat pre—cat -100%

CNOy mean +2°€ NoO,mean

The nitrogen oxide conversion values C,,,, [%] obtained
were plotted as a function of the temperature measured
upstream of catalyst to assess the SCR activity of the mate-
rials examined.

The following catalysts were prepared:

COMPARATIVE EXAMPLE 1
Comparative Catalyst CC1

A coating suspension was produced by suspending com-
mercially available SAPO-34 in water and adding an aqueous
copper(l]) nitrate solution. The amount of the copper nitrate
solution added was calculated such that the finished catalyst
contained 2% by weight of Cu, based on the total weight of
the exchanged SAPO-34. To complete the ion exchange, the
suspension was stirred for 30 minutes and then, after addition
of silica sol as a binder, applied directly to a ceramic flow
honeycomb having 62 cells per square centimeter and a cell
wall thickness of 0.165 millimeter, which had a diameter of
92.96 millimeters and a length of 76.2 millimeters. The
amount applied was 139.1 g/L.. The honeycomb thus coated
was dried at 90° C., calcined at 350° C. and heat treated under
air at 640° for 2 hours.

EXAMPLE 1
Catalyst C1

In the first step, analogously to the procedure in the prepa-
ration of CCl, a layer of Cu-exchanged SAPO-34 was



US 9,273,578 B2

7

applied in an amount of 139.1 g/I.. Applied to this catalyst in
the second step was a mixed oxide consisting of 15% by
weight of WO;, 46.75% by weight of ZrO,, 27.2% by weight
of CeO,, 5.1% by weight of Y,0O; and 5.95% by weight of
Nb,O; in an amount of 15.9 g/L, such that a coated catalyst
according to FIG. 2a was obtained, with the Cu molecular
sieve in the lower layer and the mixed oxide component in the
upper layer.

COMPARATIVE EXAMPLE 2
Comparative Catalyst CC2

The process described in Example 1 was repeated, except
that the mixed oxide was applied in an amount of 63.4 g/[. in
the second step.

The washcoat loadings of the various layers for C1, CC1
and CC2 were thus as follows:

Cu-SAPO-34 loading of
the lower layer [g/L]

Mixed oxide loading of
the upper layer [g/L]

cC2 139.1 63.4
C1 139.1 15.9
CcC1 139.1 0

A drill core with diameter 25.4 mm and length 76.2 mm
was taken from each of catalysts C1, CC1 and CC2, hydro-
thermally aged at 750° C. in a gas mixture of 10% H,O, 10%
O,, remainder N, for 16 h, and then analyzed in a dynamic
activity test.

The results are shown in FIG. 3. According to these, the
inventive catalyst C1 shows a much better NO, conversion
activity at temperatures above 350° C. compared to the com-
parative catalysts CC1 and CC2. At temperatures below 350°
C., C1 is of about equal activity to CC1 and is much more
active than CC2.

EXAMPLE 2
Catalyst C2

A mixed coating suspension composed of Cu-SAPO-34
(2% Cu, based on the total weight of the exchanged SAPO-
34) and a mixed oxide component consisting of 15% by
weight of WO;, 46.75% by weight of ZrO,, 27.2% by weight
of CeO,, 5.1% by weight of Y,0O; and 5.95% by weight of
Nb,O; was produced. The ratio of Cu-SAPO-34 to mixed
oxide in the suspension was 8.7:1. This suspension was used
for coating of ceramic flow honeycombs having 62 cells per
square centimeter, a cell wall thickness 0f0.165 millimeter, a
diameter of 92.96 millimeters and a length of 76.2 millime-
ters. The honeycomb thus coated was dried at 90° C., calcined
at 350° C. and heat treated at 640° under air for 2 hours. The
washcoat loading of Cu-SAPO-34 on the finished catalyst C3
was 139.1 g/, and the washcoat loading of mixed oxide 15.9
g/L.

COMPARATIVE EXAMPLE 3
Comparative Catalyst CC3
Analogously to the procedure in the preparation of C2
according to example 2, the mixed catalyst CC3 was pre-

pared. The ratio of Cu-SAPO-34 to mixed oxide in the sus-
pension in this case was 2.2:1. The washcoat loading of
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Cu-SAPO-34 on the finished catalyst CC3 was 139.1 g/L, and
the washcoat loading of mixed oxide 63.4 g/L..

A drill core having diameter 25.4 mm and length 76.2 mm
was taken from each of catalysts C2 and CC3, hydrothermally
aged at 750° C. in a gas mixture of 10% H,O, 10% O,,
remainder N,, for 16 h, and then analyzed in a dynamic
activity test and compared with the result of CC1.

The results are shown in FIG. 4. According to these, the
inventive catalyst C2 shows a much better NO, conversion
activity compared to the comparative catalyst CC1 at tem-
peratures above 350° C. Comparative catalyst CC3 is com-
parable at these temperatures, but much worse at tempera-
tures below 350° C. C2 and CC1 are comparable at these
temperatures.

Analogously to the above examples 1 and 2, it is also
possible to obtain inventive catalysts when the mixed oxides
mentioned therein are replaced by the mixed oxides desig-
nated hereinafter as a to i. They likewise feature good NO,
conversion properties.

CeO, Nb,O5 Zr0,
Mixed [% by [% by RE,O,/ [% by
oxide wt.] wt.] [% by wt.] wt.]
a 38 14.5 Nd,05/4.5 43
b 38 14.5 Y,05/4.5 43
c 38 14.5 Lay05/4.5 43
d 25 15 Y,05/10 50
e 45 15 Nd,05/10 30
f 45 3 Nd,0,/9 43
g 40 15 Y,05/3 42
h 35 10 Nd,05/6 49
i 50 20 Y,05/5 25

The invention claimed is:

1. A catalyst comprising

a) a molecular sieve selected from the group consisting of

chabazite, SAPO-34 and AL.PO-34, containing 1 to 10%
by weight of copper calculated as copper(1l) oxide and
based on the total weight of the molecular sieve; and

b) a mixed oxide consisting of
oxides of cerium, of zirconium, of niobium and of one or
more rare earth elements or of oxides of cerium, of zirconium,
of niobium, of tungsten and of one or more rare earth ele-
ments;

wherein the weight ratio between molecular sieve and

mixed oxide is 3:1 to 10:1.

2. The catalyst as claimed in claim 1, wherein the copper
content of the molecular sieve is 1 to 5% by weight, calculated
as copper(Il) oxide and based on the total weight of the
molecular sieve.

3. The catalyst as claimed in claim 1, wherein the mixed
oxide consists of cerium oxide in an amount of 15 to 50% by
weight, calculated as CeO,,

niobium oxide in an amount of 3 to 25% by weight, calcu-

lated as Nb,Os,

rare earth oxide in an amount of 3 to 10% by weight,

calculated as RE,Oj;, and zirconium oxide in an amount
of 15 to 79% by weight, calculated as ZrO,,

based in each case on the total amount of the mixed oxide,

where RE represents a rare earth element.

4. The catalyst as claimed in claim 1, wherein the mixed
oxide consists of cerium oxide in an amount of 25 to 45% by
weight, calculated as CeO,,

niobium oxide in an amount of 3 to 20% by weight, calcu-

lated as Nb,Os,



US 9,273,578 B2

9

rare earth oxide in an amount of 3 to 10% by weight,
calculated as RE,O;, and zirconium oxide in an amount
of 25 to 69% by weight, calculated as ZrO,,

based in each case on the total amount of the mixed oxide,

where RE represents a rare earth element.

5. The catalyst as claimed in claim 1, wherein the mixed
oxide consists of cerium oxide in an amount of 35 to 40% by
weight, calculated as CeO,,

niobium oxide in an amount of 10 to 15% by weight,

calculated as Nb,Ox,

rare earth oxide in an amount of 3 to 6% by weight, calcu-

lated as RE,O;, and zirconium oxide in an amount of 39
to 52% by weight, calculated as ZrO,,

based in each case on the total amount of the mixed oxide,

where RE represents a rare earth element.

6. The catalyst as claimed in claim 1, wherein the mixed
oxide consists of cerium oxide in an amount of 20 to 35% by
weight, calculated as CeO,,

niobium oxide in an amount of 4 to 9% by weight, calcu-

lated as Nb,Os,

rare earth oxide in an amount of 3 to 8% by weight, calcu-

lated as RE,O;,

tungsten oxide in an amount of 10 to 20% by weight,

calculated as W0,

and zirconium oxide in an amount of 40 to 55% by weight,

calculated as ZrO,,

based in each case on the total amount of the mixed oxide,

where RE represents a rare earth element.

7. The catalyst as claimed in claim 1, wherein the catalyst
is in the form of at least one coating on a catalytically inert
support body.

10

15

20

25

10

8. The catalyst as claimed in claim 7, wherein the molecu-
lar sieve and mixed oxide are present in spatial separation in
different layers on the support body and the layers are
arranged as a horizontal succession of zones in flow direction
of the exhaust gas.

9. The catalyst as claimed in claim 7, wherein the molecu-
lar sieve and mixed oxide are present in spatial separation in
different layers on the support body and the layers are
arranged in vertical superposition over the entire length of the
support body.

10. A process for selective catalytic reduction of nitrogen
oxides in exhaust gases of diesel engines, by

i. adding ammonia or a precursor compound from which

ammonia can be formed from a source independent of
the engine to the exhaust gas which comprises nitrogen
oxides and is to he cleaned, wherein adding the ammonia
or the precursor compound to the exhaust gas forms a
mixture, and

ii. passing the mixture produced in step i. over a catalyst,

wherein the catalyst comprises

a) a molecular sieve selected from the group consisting of

chabazite, SAPO-34 and AL.PO-34, containing 1 to 10%
by weight of copper calculated as copper(Il) oxide,
based on the total weight of the molecular sieve; and

b) a mixed oxide consisting of

oxides of cerium, of zirconium, of niobium and of one or

more rare earth elements or of oxides of cerium, of
zirconium, of niobium, of tungsten and of one or more
rare earth elements.
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